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SURFACE TREATMENT OF TOPSOIL ROADS 


REPORT ON COOPERATIVE EXPERIMENTS BY THE UNITED STATES BUREAU OF PUBLIC ROADS AND THE 
STATE HIGHWAY DEPARTMENT OF SOUTH CAROLINA 


Reported by J. T. PAULS, Associage Highway Engineer 


OCAL considerations of traffic and of economic 
& necessity make it certain that relatively low-cost 
road types, constructed of local materials, will 
long continue to constitute a large proportion of our 
highway system. In some sections sand-clay and sand- 
clay-gravel surfaces predominate. Where conditions 
are favorable to these types they are entirely satisfac- 
tory, but there is a considerable mileage which is kept 
in a satisfactory condition only by constant and pains- 
taking maintenance at considerable cost. Such road 
surfaces are extremely dusty when dry and frequently 
repair and reconstruction costs amount to large totals. 
Topsoil roads have been built extensively in the 
South, where, in many sections, suitable surfacing 
material occurs as the thin upper layer of the soil, par- 
ticularly on hills and knolls. The material contains 
a preponderance of small gravel particles from which a 
considerable portion of the original clay content has 
been removed by natural processes assisted by culti- 
vation. 

Naturally, all native deposits are not equally suit- 
able for road building. The characteristics and amount 
of the clay as well as the gradation of the coarser 
particles influence the behavior of the material as a 
road surface. Highly plastic clay is not desirable in 
as large a quantity as where it is of a low degree of 
plasticity. An excessive amount of clay, while bonding 
well in dry seasons, is likely to cause muddiness and 
rutting during continued wet weather. A deficiency of 
clay, if not too marked, may prove satisfactory at the 
time of rains, but is apt to result in raveling when 
moisture is lacking. Methods for the determination 
of the quality of clays are not yet fully developed, but 
tests are available by means of which their properties 
may be estimated and compared. } 

Considerable research is being conducted to develop 
methods of eliminating dust and materially reduce 
maintenance costs on sand-clay or topsoil road surfaces. 
Experiments generally involve the use of bituminous 
materials for the purpose of reinforcing the existing 
surface either by impregnation or by the addition of a 
thin surface layer of greater resistance to the destruc- 
tive agencies of nature and traffic. 


SOUTH CAROLINA STATE HIGHWAY DEPARTMENT EXPERIMENTS ! 


In 1924 the State highway department of South 
Carolina applied a surface treatment to a 7-mile section 
of the’topsoil road between Spartanburg and Inman. 
A priming coat of light refined tar was first applied at 
the rate of one-fourth gallon per square yard followed 
by one-third gallon per square yard of either tar or 
asphalt applied hot. Crushed stone, one-fourth to 114 
inches in size, was spread over the surface at a rate of 
about 50 pounds per square yard and the operation was 
completed by rolling. 


! See Surface Treatment of Roads—Hot Application Method, by N. S. Andeison, 
maintenance engineer, South Carolina Highway Department, Proceedings of the Fifth 
Annual Asphalt Paving Conference. 


70060—27——1 





COOPERATIVE EXPERIMENTS UNDERTAKEN 


The State work yielded such promising results that 
further experiments of this general nature were under- 
taken during 1925 by the South Carolina State highway 
department in cooperation with the United States 
Bureau of Public Roads. 

A 7-mile section of Route 15 in Anderson County, 
beginning west of the city of Anderson, at the end of the 
bituminous pavement and extending west approxi- 
mately 7 miles, was selected for a service test of six 
experimental sections. Details of these sections are 
shown in Table 1. Five other experimental sections 
were located in Spartanburg County on Route 19, 
beginning at the south city limits of Inman and extend- 
ing north on the Spartanburg-Tryon highway to the 
State line. These five sections aggregated approxi- 
mately 8 miles in length and were designed as shown in 


Table 2. 
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SURFACE TREATMENT AFTER Two YEARS SERVICE 

Several methods of construction were adopted and 
a number of very different bituminous materials speci- 
fied in order that the maximum amount of information 
might be derived with respect to their behavior when 
applied to road surfaces varying in composition and 
texture. In selecting mineral cover material, it was 
decided to use natural topsoil in comparison with local 
river sand on some of the sections. 


PROPERTIES OF TOPSOIL STUDIED 


Before the construction of these experiments was 
started, a survey was made of the condition of the 
topsoil surface of the roads selected. Samples of the 
material were taken from the surface and subgrade at 
intervals. The results of laboratory tests on these 
samples are given in Table 3. 

A wide variation in the condition of the different 
sections was noted in the survey. The surface was 
smooth and well bonded on a major portion of each, 
but in some places it was loose and in others rough 
and potholed. . 

On experimental section 6, from station 280+00 to 
320+00, scaling and crumbling was prevalent. The 
material in this location contained a large amount of 


191 


192 PUBLIC 


TABLE 1. 
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-Details of construction and re-treatments of experimental sections on Route 15, all sections 20 feet in width 
ORIGINAL TREATMENTS IN MAY AND JUNE, 1925 
Bit nous iterial 
Section | tior I pe and dey 1 I Covering 
Character a 
re 
Sec. 1. 04-00 to 15+84____. ...-.-.,| Mixed, 2 inches-.... lar, 8 to 13 specific viscosity at 40° ¢ None, 
sec, 2, 15+84 to 344-32 ; lo Medium quick-drying oil. ‘ None 
Sec. 3. 34+32 to 108+24 Surface-treated____- lar, 8 to 13 specific vi 10 g {Tol = Ra A gall 
| 4 } 
Sec. 4. 108+24 to 161+-04 ‘ Sea yee Tar, 18 to 25 sy sity 8 SOU, lotr + Sand, 
OS +24 to 1344-04 
Sec. 5. 161+04 to 279+84_- sh eek Cle Slow-drying oil_......-._- s 1, 161+04 to 2 : 
3 2 00 10 279-+-S4 
{Primer: Tar, 8 to 13 specific viscosity at 40° ¢ 2 
Sec. 6. 279-+-84 to 361+-00__-.-- .-. Double surface-treated , Second coat: Hot asphalt, 150 to 200 per tone, 4 to 1 inch. 
(Station 359-++-00 to 361+-00, no primer } 
RE-TREATMENTS 
Bit ] 
Section and station Date T I Gall ( ring 
( r r per 
juare 
ird 
Dk kg July, 1925 ...... Surface-treated Tar, 18 2 2 
TR Paes eer f ..--- March, 1927........ Mixed, 3% inches _.do 
| iimatainks en ee = Surface-treated i 2 D 
Sec. 2. 15+84 to 34+-32_- i senbieiialtaiadaa November, 1925-.-. Mixed, 2 inches > V-cry 
| MA ‘ —-- 8 86) ae Mixed, 3% inches -.__ ) 
a = hisieiattiiidipiadichuiotl rere Surface-treated....._._- 2 LD 
Sec. 3. 34432 to 81+-50 . -----| July, 1925.........' Scearified . inti 

2 eee ee Eiiniatsiisistaplcia November, 1925... Surface-treated..._-.- Par, 18 to 25 sp { } I 
$1-+-50 to 108-+-24 ._..........-- — Seow Surface-treated__-__- oO 18 8) 
34432 to 47+00.....- Solis \ on . ' 3 
80-+00 to 94-+50... AES jM rch, 1927.__- Scarified and surface-tré Tar 8 s] 10 | 
47+00 to 80+-00-.._- \ — at 
94+50 to 108+24..- « fo---d0- -------- irface-treated.___. _ D 

Sec. 4. 134+00 to 161+-04 ibdaladiensell ®t a e . 

7 re ........---.-. November, 1925... Surface-treated lar, 18 to 25 sj ( 7 D 
108-+-24 to 1344-00... Gs ic cessed Ss Ses ad . do 24 D> 
159+-00 to 161+04-- March, 1927....... Scarified and surface-treated rar, 13 to 18 sj 10 lL) 
108+-24 to 159+00..__- ~--.00............| Surface-treated.. .d ‘ D 

Sec. 5. 161+04 to 279+84_. November, 1925... .....do_--- Slow-drying 2 D 

| ee E March, 1927.......|.....do D 

Sec. 6. 279+-84 to 353+-00-- November, 1925...).... do. 


mica, which seemed not only to weaken the bond but 
also, by collecting in layers and pockets, to cause scaling 
of the surface. The South Carolina highway depart- 
ment has found that those portions of the surface 
containing high percentages of mica are slippery, un- 
stable, and difficult to maintain during the wet season. 

The portions of the surface showing the greatest mica 
content were located in the deeper cuts and on fills 
built with the soil from these cuts. In these locations 
the mica-bearing subsoil had been incorporated with 
the topsoil by the mixing during construction and main- 
tenance. 

The topsoil surface material on the experimental 
sections in Spartanburg County contained in general 
much less mica than the surface on portions of the 
Anderson County road. However, in the former 
county the surface of experimental section 11 between 
stations 729+00 and 791+25 scaled and crumbled 
badly during the progress of the treatment. This 
may have been the result of spreading a coat of finely 
crushed granite during the spring which at the time was 
insufficiently mixed with the clay binder underneath. 

Table 3 shows that the clay content in the topsoil 
material ranged from a minimum of 8 per cent to a 
maximum of 32 per cent, the average being about 20 
per cent. The surface from which the sample con- 
taining 8 per cent clay was taken was loose and badly 
broken. In the area represented by the sample having 


32 per cent clay, the surface remained smooth and 


well bonded during dry weather but rutted somewhat 
during wet weather. It appears, by comparing the 
clay content with the condition of the surface, that 
less than 20 per cent clay in this topsoil did not in 
general give a stable and well-bonded surface during 
all seasons of the year. Clay was considered as 
including all particles of less than about 0.02 millimeter 
diameter and on the average constituted approximately 
twice as much material as would have been the case 
had the limit been taken as 0.005 millimeter diameter. 
A diameter of 0.005 millimeter is usually considered 
the upper limit under present soil terminology. The 
low dye-adsorption numbers obtained may be taken 
to indicate a clay low in stickiness and plasticity. 
This probably explains why such a large percentage of 
clay was needed to get a well-bonded surface. 

The low moisture equivalent obtained indicates in 
general that the material dries out very quickly after 
a rain. This characteristic property of the topsoil 
surface was noted during construction. 

Other physical tests add but little to this informa- 
tion, probably due to some extent to the fact that the 
proportion of sand is so large as to render inapplicable 
tests designed primarily for soils. In general, however, 
it is seen that for samples from poorly bonded locations 
the dye adsorption is 5 or less, theymoisture equivalent 
is less than 8, and the lower liquid limit is less than 19. 
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LOCAL CONDITIONS CONSIDERED IN SELECTING BITUMINOUS was sprayed, the primary function of which was to bind 
the relatively heavy layer of coarse aggregate. 

; In selecting bituminous materials for the various lable 4 gives the results of tests made on the mineral 
sections, certain qualities were specified which were cover materials and Tables 5 and 6 give the character- 
thought to be desirable with the methods of construc- istics of the bituminous materials used on the several 
tion and maintenance adopted. For sections 1 and 2, sections 
materials were desired which would mix readily with 
the topsoil, permit working and smoothing with road 
machinery soon after being applied but which would 
harden with sufficient rapidity to produce a stable 
surface under traffic. 

A thin mat surface, susceptible to further strengthen- 
ing by subsequent treatments, was desired on sections 
3 and 4. For this purpose tars were specified of such 
nature and consistency that they would penetrate the 
topsoil, thus minimizing the danger of displacement 
under traffic. Tars of two consistencies were used to 
determine their relative efficiencies. 
The object on section 5 was the development of a 
surface somewhat similar to those of sections 3 and 4 
except that a rather light grade of slow-curing oil was 
employed. With such a material it was anticipated 
that a rather plastic mat would result which could be - a 
. . SCARIFYING ( S CE FOR THE . CING SATMEN 
shaped by dragging and thickened by later treatments . fi aaaeacaanaitasitiid 
, . CON tt N MET Ss ESC » 
On the double surface treatments, experiments 6 to ee 
11, inclusive, the purpose was to form a stable mat of Practically the same methods were employed in the 
stone and bituminous material, firmly bonded with the construction of experimental sections 1 and 2. The 
topsoil surface. A rather fluid product, designed to topsoil road surface in each case was scarified to a depth 
penetrate the road and to dry with sufficient rapidity of 2 to 3 inches, after which this loosened material was 
to permit early application of the second coat, was pulverized by disk harrowing. About one-half of the 
used as a primer. Over this a hot refined tar or asphalt loose material was then bladed to the sides of the road 
TABLE 2.—Detail of construction and re-treatments of experiment ul sectior on Ro tation 0+-00 to 38+ 00 the surface 
vas 25 feet wide and on the remainder 19 
ORIGINAL TREATMENTS, JUNI 
Section and stat ype Covering 
Sec. 7. 0+-00 to 824-50 Double surface-treated a Hi 114 1 inch stone. 
&2 50 to 436+-00 
ec. 8. 436+-00 to 512+00 Double surface-treated ee i Do 
See a 12 to { to 1 inch stone, 517 to 
ec. 9. 5124-00 to 536-+-00. io. ba a i, 1 5 -inch chats 533 to 536, 14 to 
{ linch slag. 
sec. 10. 536+-00 to 622+-50 ) fPrimer: Tar, 8 pecif t ‘ 14 536 to 553, 14 to 1 inch slag. 
\Second coat: H 3 \553 to 622+-50, 14 to 1 inch stone. 
: , 62 9) to 7914-2 , f Prime rar, 8 e me ies ona d . 
3 22 ) 7914-2 ‘Sannin en H 9 1g j74 to 1 inch stone. 
2 3 
: 1 This section was double surface-treated by the State highway departmer 2 
j RE-TREATMENT 
i 
4 
4 te 
: Section and station Date Type Gallons Covering 
; per 
square 
yard 
Sec. 7. 38+-00 to 82+50___- November, 1925 Surface-treated __- lar, 18 to 25, spe ‘ 4 Sand. 
0+00 to 384-00. _- March, 1926. SS ar, 8 t e 4 M Do. 
82+-50 to 4364-00! = : --- 
ec. 8. 436+00 to 512+00___. March, 1926. Surface-treated_. Medium k-dr lé Do. 
6c. 9. 512+-00 to 536+00__- - JO nina WS cin sions lar, 8 to pec ( \ Do. 
: 8c. 10. 574+-50 to 622+-50__- November, 1925. ee rar, 13 to 18, spe 40° ¢ - ig Do. 
: 536 to 5744-50... March, 1926. .do lar, 8 to pe $ an eal lé | Sand, 553 to 574+-50; 536 to 
553, stone. 
ec. 11. 6224-50 to 791425. -- November, 1925. .do Slow-drying a: 





! This section was double surface-treated by the State highway department in 1925. 


Sand, 622+-50 to 720, 735 to 
750, 780 to 791+25; re- 


mainder 4-% inch stone. 
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PULVERIZING THE TopsoiL AFTER SCARIFYING FINAL APPLICATION OF |] 


ATORY 


First APPLICATION OF BITUMINOUS MATERIAL TO A Por- SHAPIN 


1552 


1557 


1 Limiting sizes of silt and clay are as defined for use in testing semigravel, topsoil, and sand-clay 
centages of silt and clay are based on the total samples, calculated from the results obtained on the material passing 
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Sort. Seconp APPLICATION TO FoLLOow 
THE Sort SHOWN IN WINDROWS 
TABLE 3.—Analysis and tests of samples of topsoil s irfacing from experime 


Mechanik 


6 
1 
] 
4 
S 
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0 
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analysis of granular material 





= Shrinkage : 
dq |i dei d ee a & See 
—N i = =o =e : 
24 24 4472 8 & zs |" Si siae 
Per Pe Per Per Per Per Per 
cent cent ent cent ent cent ent I 
7 31 Q 7 60 13 2 3 12 7 ( 1.8 ( 
9 33 10 10 75 9 17 6 lf 0 13 1.9 f 
4 27 13 10 61 13 ai 6 10 19 } 14 1.9 7 
7 33 9 6 59 a) 32 1] 12 27 10 17 1.8 8 
7 37 ll 10 0 Ss 22 7 7 19 0 l 1.9 ’ 
7 33 12 ll 73 g 18 7 18 { 138 7 
5 26 12 10 66 14 20 5 19 ( l 1.9 
) 28 12 12 72 12 16 5 6 17 ( 14 1.9 8 
0 35 ll s 72 10 18 7 19 ( lf 1.8 f 
9 v3!) bel & 69 10 22 bl 19 4 ] 18 { 
9 30 11 a) 68 12 21 f 9 f 1.8 
11 41 13 12 85 8 8 $ 
8 33 10 10 S 12 21 f S 2 0 20 a 8 
8 32 11 11 70 10 21 if 8 19 } ] 1.8 8 
8 26 9 12 66 13 21 7 8 7 
S 22 8 10 71 13 17 6 S f 
5 34 12 Q 71 10 20 5 s 7 ( l s 
f 37 13 ll 75 9 lf 3 t 17 ( l 7 f 
t 29 9 10 64 9 27 7 13 31 i 21 1.7 f 
38 14 ll s4 8 10 2 4 15 0 f 
f 33 10 11 67 10 22 9 10 23 0 19 a 
4 37 3 10 69 9 23 5 8 19 0 15 1.8 j 
6 36 11 ll 69 9 22 5 ) 18 0 15 1.8 f 
7 34 1] 8 69 sf) 20 S s 9 0 16 1.7 » 
7 30 1] 9 75 10 lf $ 7 18 0 14 ef 
7 26 10 12 “4 12 2¢ 7 12 23 0 19 1. f 
6 25 12 ll 71 13 15 7 17 0 17 7 
6 30 16 13 72 1] 17 5 Ss 20 0 18 1.7 


SAMPLES TAKEN FROM THE SUBGRADE 


1 26 9 8 45 1] 44 10 21 44 22 27 1.5 
4 26 8 9 49 9 42 11 21 37 12 26 1.6 
6 29 10 12 66 12 22 7 13 30 0 23 1.6 
5 23 7 8 49 13 3 8 14 33 15 21 1.7 
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sITUMINOUS MATERIAL PREPAR- 
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x 
AND COMPACTING 
ta ections 
" the topsoil surface 4 
31 d well bonded 
Badly breken, poorly bonded 
Smo ind well bonded 
L) ‘ 
Good; some loose material on the surface 
( nsiderable loose material, poorly bonded 
Good, except poorly bonded at the edges 
Very loose, poorly bended. 
Do 
Good; some loose material at sides 
LD 
Very poor, loose an¢ scaling badly in place 
G i, some loose m iterial at sides 
$ h, well bonded. 
La und poorly bonded 
Re well bonded 
Loose and poorly bonded 
Good, well bonded 
Loose, poorly bonded. 
Good, well bonded. 
Good, fairly well bonded 
Do 
Good, well bonded. 
Smooth, poorly bonded 
Fairly smooth; fairly well bonded 
Loose, very poorly bonded. t 
Do Pc 


zregate for road surfacing, U. S. Dept. Agr. Bul. 1216, p. 16. Per 
the 10-mesh sieve. 
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TaBLE 4.—Characteristics of material used for covering on surface 
treatments 


TOPSOIL ON SECTION 


Mechanical analysis of granular 1 
te ] 
Ma ae es 
— W here 1 tic No No Ni No S ( 
0. \y- No in H) 60 100 
inch 10 N No No N 
) 0 100 20K 
Per Per I I Pe Pe Per I 
cent cent Ir nt / cel 
1530 3 { 27 0 
1531 loa sJtos 00 ] } ‘ 3 ) ( 9 
1541 | | 12 4 o4 10 y 10 
TOPSOIL ON SECTION 
] 1 i+00 ( { 5 9 9 ( 
rOPSOIL ON SECTIO?> 
1538 2 00 2 84 9 8 2 s 9 
SAND ON § PIONS 1, AND 
12 1s vt nm) 
“ (le MN to 2 - . ’ - 6 
M nical analysis, amount ret 
Ma ( 
terial W here 
Ne 34 5 4 N 
1, inch inch inch ) 
| Pe I Pa Pe } 
7300 s nf B yg ) x ws 
9 t 


with a grader, and bituminous material was applied to 
the surface at the rate of one-half gallon per square 
vard. This was followed by disk harrowing several 
times, after which the topsoil at the sides of the road 
was spread over the treatment with the grader. Second 
and third applications of bituminous material were 
made, both similar in amount to the first, and followed 
in each case by disk harrowing, mixing, and shaping 
with a grader. In mixing, the procedure was to blade 
all the material from one side of the road to the other, 
finally shaping the surface to receive the next applica- 
tion. 

After the surface had been thoroughly mixed and 
shaped it was gone over with a steel drag. This 
method worked very well for both sections, the surface 
being completely compacted after a few days of 
occasional dragging. 

Although disking did not prove effective in mixing, 
it is believed that a small amount of such work is 
beneficial in bringing about a better bond between the 
mixture and the base and also in preventing the forma- 
tion of a rich bituminous mat on the surface. It was 
found that such a mat, if permitted to form, might 
later peel off and lead to the formation of potholes. 

_ Experimental sections 3 and 4 were both constructed 
in the same manner. The topsoil road surface was 
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swept clean, using a revolving broom, followed by 
hand brooming. The bituminous material was then 
added in two applications, the first being made at the 
rate of one-fifth gallon per square yard. The first 
application was covered with pulverized topsoil from 
the shoulders on a portion of these sections, while on 
the remaining portions a fairly coarse local river sand 
was used. 

The first application was left to penetrate and con- 
solidate for a day or two, after which such portions of 
the surface as had excess covering were swept. The 
second application was then made at the rate of 0.18 
gallon per square vard and covered with the same 
material as had been used after the first application. 
The depth of the surface treatment several days after 
completion was about one-half inch. 





\PPLYIN PRIMING CoAT TO 


TopsoIL SuRFACE 


rHE 


ee 





STON Co\ . \PPLIED 


rHE 


IMMEDIATELY AFTER THE 
Hor Tor Coat 


A marked difference in the appearance of the surface 
treatment was apparent between the sections where 
sand covering and topsoil covering were used, the 
sanded surface appearing richer and less fragile. 

The method used on section 5 was similar to that on 
sections 3 and 4, except that less sweeping was done 
on the topsoil surface before the first application of oil. 
Local river sand was used in covering a portion of this 
section, and on the remaining portion topsoil from the 
surface of the shoulders was employed. 

A small amount of dragging was done shortly after 
the completion of the treatment to develop a smooth 
finished surface, but continuous machine maintenance 
was not feasible with the thin surface mat formed by 
the single treatment. 
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DOUBLE TREATMENT USED ON SIX SECTIONS 


The remaining experimental sections, Nos. 6 to 11, 
inclusive, were all of the double surface-treatment type. 
The general procedure in making these treatments was 
to sweep the topsoil surface clean of all loose material 
and follow with a priming coat of a light tar or oil at 
the rate of one-fourth gallon per square yard. Where 
holes and breaks occurred in the topsoil surface, repairs 
were made after the priming coat had been applied. 
These repairs usually consisted of filling the depression 
with loose stone, but in the case of very bad breaks a 
bituminous cold-patch mixture was used. Portions of 
sections 6 and 11 required a large amount of such 
repair work. 

The priming coat was permitted to penetrate and 
partially set up for a day or two, after which a heavy 
tar or asphalt was applied hot at the rate of one-third 
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gallon per square yard and covered immediately with 
crushed stone, spread by hand at the rate of 45 pounds 
to the square yard. After the crushed stone had been 
spread the surface was rolled with a 5-ton roller and 
opened to traffic. For a period of two or three weeks 
while compaction of the surface was taking place, 
stone thrown to the sides by traffic was collected and 
respread in places where bleeding and picking up indi- 
cated a deficiency of covering. 

The priming material used on sections 8 and 9 was 
a cut-back asphaltic oil. It was found that this oil 
was not homogeneous, and great difficulty was experi- 
enced in applying it, as the distributor nozzles continu- 
ally clogged. Only the thinner oil, which appeared to 
be largely the original cut-back naphtha, penetrated 
the topsoil, while the heavier material formed a mat 
on the surface. 


TaBLE 5.—Tests of tars used on experimental sections 


é R 
Laboratory number............-.-- ‘ 27157 27159 27153 27154 27198 2719 272% 2768 2 } 2 29072 
TNs diana iene deine ‘ ind ¢ ind4 7and lil 7 } } { 
Ki 2t 0+-00 te . 4) 
‘¢ 4 «tO ( ( { UU 4 
Location of use, stations. .....-- one of ‘ u 8 A 810) i K 
279+84 108+24 8 82 i 4 f i s 
Specific gravity, 25° at 25° C___..- i 1.177 S4 1. 18¢ 2 2 ‘ 14 
Specific viscosity, Engler, 25° C_- i 8 
Specific viscosity, Engler, 40° C__..- 8. f 20. 4 2.4 2 2 
Float test, 32° C. (seconds 82 
Float test, 50° C. (seconds) - - , 
Bitumen soluble in CS9_-. ..-...-per cent 91.9 91.4 23 SS 81.8 SS s 1 4.2 
Free carbon _-.- én , ! s 8. ¢ 7 11.4 8 8.8 5.2 1 
Inorganic matter insoluble - - - do 0.0 0.0 ( 0.1 0 0. 2 ( 
Distillation: 
J aa eR l. ¢ 1.4 1.2 0 0.0 2 t 2. 57 0 i 
Distilled to 170° C__._-- ie 2. 22 2. 20 2. 29 0.0 0 2 2 0. ¢ 2. 54 
170 to 235° C...... —— lo 06 6. 23 7. 07 2. 2 2. 47 2 1.8 S. SO Ss 1s 
235 to 270° C.... aad do 13. 91 12. 55 10.8 7.10 6. 54 10. Wt 4. US 2 2. if Oi 
Se te Se OC... .< «20.0 i 87 6. 52 6.49 3. 6 1.73 f 8 6. 24 6. 76 9, 2 
Residue .....-.- lo 73.2 72. 62 73. 28 87.15 SA. 6 S4 7 4 75.3 69. 04 68. SO s 
Softening point, residue °C 1 0 1 34 $2 5 8 s is 
TABLE 6.—Tests of oil products used or eri? ecti 
Or 1 treat R t 
Laboratory number.-.............. 27158 27160 Q71¢ 27197 27200 27202 272 27684 2 2 27760 20 20074 
SEEGERS AS Raa ¢ + 2 8 ig s 1] 2 8 2 
Location of use, stations ----. 219+84 161+-04 te S4to 4:fto 512, 42 ( 70K 622 s4 iS 22 j 00-0 lf Ot S4 
651 +-00 279+-84 4 2 2 2 79142 4 2 x 2 24+-06 279+-34 i 2 
Specific gravity 25° at 25° C._.___- 1. O11 0. 938 0. 929 0. 95 0 2 ” { 0. 9439 
Oo ) "EL ee 195 ( 2 28 2 2 2 100 ) ‘ ( if 
i eee ote 140 3} 3 16 6 0 
Specific viscosity, Engler, 25° C__- nt 73.7 127.5 29 228 i 69 84.7 27.2 2 
Specific viscosity, Engler, 40° C Siielihpaa ciate 30. 5 57 117 18 $4.19 1.8 42 { 
Specific viscosity, Engler, 50° ¢ : eA 3 48. 
Specific viscosity, Engler, 100° C &2.8 m 6} 27 2 
Float test, 32° C., seconds ____- 517 
Float test, 50° C., seconds.....____ ___ ie 
Penetration, 25° C., 100 grams, 5 
Sh SA a es 65 161 { 
ta i 40 40 4( 
Loss, 163° C., 5 hours, 20 grams 
SE ese Se per cent_- 1.23 13.4 24.7 23.0 = 1.0 9.6 2.2 7.1 7 
Residue, float test, 32° C seconds. ___- Fluid. 1671 4122 
Residue, float test, 50° C___.do____ 174 siedinaiod 200 360 mS Z 8.0 8 
Loss, 163° C., 5 hours, 50 grams 
nidiiatinidicttiginieddatntaecen per cent__ .64 10.4 22. 8 21.3 17 14 7 6.1 7.4 4.7 1 
Residue, float test, 32° C_seconds__|........... Fluid. 516 , (=e ‘ 3 ‘ . ccseuele 
Residut, float test, 50° C_...do____ 153 eects 131 _ ee . a 6.0 
Residue, penetration 25° C., 100 
SES Sees ee a i 139 147 14¢ ey : 
Bitumen soluble CS2____per cent__ 99.9 99.9 100. 0 99.8 99.8 99.8 99.8 100. 0 00.0 99. 9 100. 0 99.9 9 
Organic matter insoluble..__do___- a a 0 A 2 2 2 eee on 
Inorganic matter insoluble -.do____ .0 .0 .0 .0 0 0 0 0 0 0 0 0 
Per cent bitumen insoluble in 86° 
i 21.5 12.7 19.3 20.0 23.6 24.2 23.5 13.3 12 13.3 17.6 7.6 0 


1 Sample No. 27158 contained about 5 per cent adventitious water. Tests made 


after dehydration at 105° C, 
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COST DATA KEPT ON VARIOUS SECTIONS 


Cost data on the several experimental sections are 
given in Tables 7 and 8. The costs shown do not 
include charges for overhead or rental of equipment. 
The unit cost of constructing experimental sections 1 
and 2 is high, but would probably be less on large 
sections. 

Unit costs of materials and labor used on these 
sections were as follows: 


Oil for cold and hot application at refinery 


Lan oo per gallon SO. 05 
Tar for cold and hot application, delivered __do 128] 
Stone, 114 inches to one-fourth inch, delivered_- 

a SE oie eae z = 4 _per ton _- 2. OD 
Common labor, per day of 10 hours 1. 75-1. 90 
TABLE 7.—Cost per square yard of various items on sectio 
Section N¢« l 2 H 
Covering material Top- Top- Top- Sard’ Top- Poy 
Area (square yards .- 3,516, 4,103 11,262 5,148 5,998 (24 5,520 20,5 
Labor preparing road- Cents Cents Cents Cents Cents Cents Cents Ce 

way . 0.64 0.53 y a ( 0 Q. 2t 
Heating bituminous ma- 

terial 2 
Apply ing bituminous 

material } ‘ 2 2 
Hauling covering te 

rial . 

Applying covering Ina- 

terial 4 8 { 
lar, delivered 5 L154 4.54 
Oil, cold appl ion... 2 ; 
Freight on above____- 2. 60 
Oil, hot appli tior 
Freight ot bove 
Cover n terial 
Fuel, oil, ¢ 2 2 H 
M iscell 1S =) > 42 $2 

Total cost per square 
nt 2? { 2 7 a: & f S2 | 
Cost | le 2 
feet wide (dollar 2, 7 S6i ) 74 500 is 
TABLE 8 Cost per square yard of ve ru ten 
Sect \ 7 s 
( ‘ ite r ‘ 
Area ju 44 s s 2 
( ( ( ( ( ‘4 ( { ( 
Labor 2.74 2. 74 2 2 2. 74 2. 74 2. 74 
lar for cold apy i 2. 82 2. 82 2. 82 2 
Freight I t ve , 
lar for hot apy atic ( 
Freight on above 2 2 2 2 2 
Oil for cold PI tic 8 s % 
Freight on above 68 s sf 6N¢ 
Oil for hot applicatior 2. 02 2 
Freight on above ( 
lt ly. neh stone 2. OS 2? QS2 2. 982 2 » 
Freight on above . 2. 4 2. 491 2. 491 2. 49 2.4 
Limestone chat < 1. 07 
Freight on above 1. 56 
1 to \-inch slag ‘. 1.933 1 
Freight on above. -- 4. OO 4. OO 
Fuel and steam _- 344 445 14 445 4450. 3445 445 i 
Miscellaneous. . __ Be S655 ( O55 SOHH5 is f 
Total cost per 
square yard 
(cents) __. 17.89 14.43 17.52 20.68 17.98 18.45 7.89 
Cost per mile, 20 
feet wide (dol- 
lars).....- h 2 100 1, 695 2 055 2, 425 2.110 2.165 » 10 


SERVICE HISTORY OF THE EXPERIMENTAL SECTIONS DESCRIBED 


Since the original treatment of these sections in 
July, 1925, some retreatment has been necessary and 
all sections have been under patrol maintenance. The 
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patrol maintenance has consisted largely of repairing 
breaks in the surface, using the same materials as were 
used in the original treatment. In patching the 
double surface-trea per sections, gvood results were 
obtained with the cory hot application materials 
and also with commercial cold patching products. 





(ouT SEAL Coat SHortTLy AFTER 
( NSTRUCTION 


Most of the retreat 
planned 
sealing the surface or of thickening and strengthening 


ments were as , id bee nn origins illy 
In most cases they were for the purpose of 
the original treatment. On several sections, however, 
the work amounted to reconstruction. Table 9 sum- 
narizes tl { | cost of the work done on the 
tions to June, 1927. <A description of 


e expe rimental se 


this work up to August, 1927, and a survey of the con- 
dition of the sections at that time is given below in 
some detail 

The experi s in Anderson County (secs. 1 to 6) 
have carried ich less traffic than those in Spartan- 
burg County. Counts made on the Anderson County 
experiments during the months from January to Sep- 
tember of 1927 owed an average of 456 vehicles and 
a maximum of 935 for the 12-hour period from 7 a. m. 
Lo ¢ p. m 

The traffic on the Spartanburg sections has greatly 
increased since the experiments were completed. 
Traffic counts made by the State on week days during 
five summe! nths of 1924 before these treatments 
were made, showed an average of 636 and a maximum 
of 800 vehicles for the 12-hour period from 7 a. m. to 


7 p. m., whi similar count during the same period 
of 1926 gave average of 834 and maximum of 1,082 
vehicles 


CTION I 
\ few months a this section was subjected to 
traffic, evidence of nonuniform mixing developed. 


Corrugations denoting excessive richness appeared in 


some places and in others leanness was indicated by 
raveling. A light seal-coat treatment consisting of tar 
of a specific viscosity at 40° C. of 18 to 25 was applied 


at the rate of one-fifth gallon per square yard and 
covered with san¢ This treatment prevented further 
raveling but the mixture continued to be highly un- 
table in certain areas. 

This section was maintained through the year 1926 
by patching and cutting down corrugations, but in 
March, 1927, it was apparent that further maintenance 
The surface 
depth sufficient to produce a surface 


of this character would not be justified. 
was scarified to a 
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layer 31% inches in thickness. An application of tar at 
the rate of 1.1 gallons per square yard was required on 
account of the greater depth of the new surface layer 
and extreme care was taken to secure a homogeneous 
and uniform mixture. After the surface had been 
exposed to traffic for a few days a seal-coat application 
of one-fifth gallon of tar per square yard was applied 
and covered with sand. 

The reconstructed section appears to have been very 
successful. Neither raveling nor evidences of insta- 
bility have developed. The seal coat exhibited a 
tendency to peel off, due probably to the blotting action 
of the fine sand cover which, with the tar, formed 
lean mat which did not adhere closely to the mixture 
beneath. 

SECTION 2 


The quick-curing oil used on this section produced a 
more brittle mixture than was desired. It was in- 
tended that the surface should possess sufficient plas- 
ticity to be self-sealing. However, the mixture proved 
to be lean except in spots where, due to the nonuni- 
formity of composition, the surface corrugated. Late 
in the fall of 1925 the entire section was scarified and 
remixed, the mixture being enriched by the addition of 
1.1 gallons per square yard of the slow-curing oil used 
in the construction of section 5. 

Throughout the winter this section remained smooth 
and well bonded, but with the advent of warm weather, 
instability developed and the surface rutted and 
corrugated badly. It was evident that, although 
satisfactory under winter conditions, this mixture 
was too rich to withstand traffic during the summer 
months. 

The section was reconstructed in March, 1927, by 
searifying and adding 1.1 gallons per square yard of 
slow-curing oil. Mixing was carried to a depth of 
about 3% inches, thus producing a much leaner mixture 
despite the addition of more oil. As a protection to the 
surface from the abrasive action of traffic, one-fifth 
gallon per square yard of the same oil was applie od and 
covered with fine sand. 

This surface application acted much the same as that 
on section 1, peeling off badly within a few weeks and 
it appeared that resealing would be required in the near 
future. 

SECTIONS 3 AND 4 


The portions of these experiments upon which topsoil 
cover was used originally, broke up badly shortly after 
construction and were scarified and refinished as topsoil 
surfaces and left to consolidate for four months and 
then retreated. The sand-covered portions remained 
in fair condition. 

In pursuance of the original plan to develop a mat of 
appreciable thickness by subsequent treatments, the 
entire surface of both experiments was treated with 
tar of 18 to 25 specific viscosity at 40° C. during the 
following fall. The areas which had been scarified 
were given about one-third gallon per square yard and 
about one-fourth gallon per square yard was applied 
to the remainder. Sand was used as the mineral cover 
throughout. 

The bituminous mats on these experiments were thin 
and rather brittle and suffered severely from the steel- 
tire traffic to which they were subjec ted. This condi- 
tion was more prevalent on areas of the road where 
the topsoil was not well bonded. 

In March, 1927, those portions which had given 
particular trouble, aggregating about one-half mile, 


70060—27——_2 
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were re-treated with 0.4 gallon of tar per square yard. 
At the same time the remainder of the sections were 
more lightly treated with one-fourth gallon per square 
yard. The tar was of 13 to 18 spec sific viscosity at 40° 
C. and sand was used as the cover. 

In general, these sections were in good condition. 
The mat proved stable and as weak spots were gradually 
corrected the amount of maintenance required to keep 
them in repair decreased. 





TAR PENETRATION TREATMENT ON SECTIONS 3 AND 4. 
THe TuHtIn BrITTLE StuRFACE BROKE AND SCALED 
SADLY DuRING THE First YEAR BUT WAS MATERIALLY 
STRENGTHENED BY LATER RE-TREATMENTS 


ECTION 5 


This section was in good condition in November, 
1925, although a few breaks had occurred in the oil 
mat. Following the original plan of thickening this 
mat by repeated treatments, an application of one- 
fifth gallon of the original slow-curing oil per square 
yard was made and covered with sand. The surface 
remained generally in good condition during the sum- 
mer and winter of 1926. Minor breaks developed early 
in 1927 and during March of that year the section was 
again re-treated as before. At the time of inspection 
the section was in excellent condition. It appeared 
likely that little maintenance would be required for 
some time 

SECTION 6 


A large portion of the topsoil surface on this section 
was poorly bonded. In such places the surface treat- 
ment failed in many instances and made a large amount 
of patching necessary during the first few months. 

For the purpose of strengthening and resealing the 
mat, a treatment of one-fifth gallon per square yard 
of slow-drying oil and sand was applied in November, 
1925, to the whole section with the exception of 860 
feet at the west end. The untreated portion was in 
relatively good condition and it was desired to observe 
its behavior during the winter. 

Numerous breaks developed in the surface mat along 
the edges during the summer of 1926, and were un- 
doubtedly due to poor support by the topsoil. The 
repair of these defects and subsequent ordinary main- 
tenance has kept the experiment in good condition and 
when last inspected no further general re-treatment was 
thought to be necessary in the near future. 


SECTION 7 


The first 3.800 feet of this section was in excellent 
condition late in the fall of 1925 and was permitted to 
go through the winter without re-treatment. The 
remaining portion of the surface had developed numer- 
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ous breaks and was therefore given an application of 
tar of 18 to 25 specific viscosity at 40° C. at the rate 
of one-fifth gallon per square yard. This material was 
applied cold and was covered with sand. 

The latter portion remained in excellent condition 
during the winter but considerable patching was 
required on the part upon which the fall re-treatment 
had been omitted. In March of 1926 this area was 
given an application of tar at the rate of one-fifth gallon 
per square yard and covered with sand. 

The condition of this experiment has since continued 
entirely satisfactory. 


SECTION 8&8 


This section was not given a re-treatment in the fall 
of 1925 with the result that a large amount of patching 
was required during the winter and early spring. 

A re-treatment consisting of one-fifth gallon of a 
medium quick-curing oil per square yard with a cover- 
ing of sand, was applied during March, 1926. The 
surface has since continued in excellent condition and, 
when last inspected, was not regarded as likely to 
require early re-treatment. 


SECTION 9 


The surface of this section was smooth and showed 
no defects in the fall of 1925. The portion covered 
with dolomite chats had an appearance resembling a 
Topeka pavement, while that on which coarse slag 
was used possessed a rough and granular. texture. 

Although some patching was required during the 
first winter after construction on the portion covered 
with chats, its condition was, in general, much better 
than that on which coarse slag was use id. 

The entire section was given a re-treatment of tar of 


8 to 13 specific viscosity at 40° C. and a sand cover 
during March, 1926. The re-treatment resulted in 


marked improvement of the surface, and its subsequent 
behavior has been entirely normal and satisfactory. 


SECTION 10 


The surface between stations 574+ 
was treated during the late fall after 
one-fifth gallon of tar of 13 to 18 specific viscosity at 
40° C. and covered with sand. All of this section was 
not treated as it was desired to retain the rough, 
granular surface of the slag portion over the winter 
and at the same time secure information as to the need 
for the early re-treatment. 

The portion of the surface which had not been treated 
in the fall developed many breaks during the winter. 
These breaks were repaired during March, 1926, and 
the surface sealed with an application similar to that 
applied to the other portion during the fall. The 
entire ‘section was in good condition at the time of 
inspection. 


50 and 622+ 50 
construction with 


SECTION 11 


The surface of the north half of this section broke up 
badly during the first year after construction. On the 
remaining portion where the underlying topsoil was 
relatively well bonded the surface was in much better 
condition. 

A surface treatment was applied during November 
1925, using a slow-drying road oil. The oil was covered 
with sand exe ept for two short sections upon which stone 
chips were used. 
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The surface of this experiment has continued 
good condition except for a stretch of about 1 mile on 
which the topsoil was loosely bonded and unsuitable 
for this type of construction. 


in 


EXPERIENCE INDICATES IMPROVEMENTS 


IN METHODS OF 
DOU BLE-SURFACE 


TREATMENT 

Observation of the behavior of the different sections 
since the time of construction has suggested several 
changes in the character of the bituminous materials 
and methods of construction, which it is believed would 
improve the surface. In a few cases such changes have 
been carried out in reconstruction The following dis- 
cussion touches on such factors appear from the 


as 


results of these experiments to have an important effect 
1 the different treatments. 


on the results secured witl 





A WEL! 30ONDED ‘Topsoll 


DouBLE SURFAC! 


SuRFACE SwUITABLI 
‘TREATMENT 


FOR 


A well-bonded surface with good support is essential 
for the double-surface treatment of the kind used on 
sections 6 to 11, inclusive. Local surface failures 
which have occurred in these experiments, developed 
where the topsoil surface was poorly bonded. Sue} 
areas may, of course, be anticipated in any topsoil road 
but a period of constant and patient maintenance will 
generally result in a satisfactory bituminous surface 

A priming coat seems to be desirable for this type of 
construction in order to secure a good bond between 
the surface bituminous mat and the topsoil, although 
on a short portion of section 6 w ry the priming coat 
was omitted, the surface is still in perfect condition 
On this area, however, the applic wrt of hot material 
was heavier than the rest and a thicker mat was origi- 
nally formed. ‘Tar of 8 to 13 specific viscosity at 40° C 
was used as primer. On well-bonded topsoil surfaces 
the penetration obtained ranged from one-quarter to 
three-eighths-inch. Greater penetration seemed to be 
obtained when the topsoil surface was slightly moist than 
when it was dry and somewhat dusty. Both tar and 
asphaltic oil were used for binder, and one-third gallon 
per square yard seemed to be about the correct amount. 
In one case shoving developed where 0.45 gallon per 
square yard was used. Both tar and asphaltic oil seem 
to be equally satisfactory in producing a well-bonded 
topsoil surface. 


A fragile granite ranging from 4 to 14% inches in 
size was used for covering on most of the double 


surface-treatment experiments. 
to a much smaller size under rolling and early traffic. 
Where a hard, tough slag of the same size was used 
the surface remained open and rough. Evidently the 


This stone crumbled 


size used was too large for this type of surface treatment 
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except in the case of the stone which broke up readily. 
For a stone of fairly tough character, 14 to 34 inch in 
size should prove more suitable. 

A supplementary treatment which will seal any small 
breaks or areas not sufficiently covered by the first 
application of heavy material has been shown to be 
desirable before the original treatment goes through 
the first winter. On several areas where this treatment 
was omitted, increased maintenance was needed. 

Further experimental work will be required to deter- 
mine the types of materials most suited for supple- 
mentary treatments. Two grades of road oil, slow- 
drying and quick-drying, respectively, and refined tar 
of 8 to 13 and 18 to 25 specific viscosity at 40° C. were 
used for this purpose. In some the sections 
re-treated with a cold application of oil showed somewhat 
uneven covering, due probably to the shearing action 
of traflic on the thin soft mat before it had bonded 
firmly. In the case of the slow-curing oil, brooming 
the sand covering occasionally for a few days following 
the treatment seems to aid in securing a more uniform 
surface mat. Of the two tars, the heavier seems to 
have given a better seal. It is possible that too much 
covering material was used for these light bituminous 
materials. 

The purpose of the original seal coat Is primarily LO 
seal the surface, while later treatments may be required 
for this purpose and also to increase the plasticity of 
the bituminous mat and to add to its thickness. It 
seems that such results might best be obtained with an 
occasional light application of a heavier grade of tar or 
a cut-back oil prepared from an adhesive asphalt base. 

The character of the mineral cover is as important 
as the bituminous material. A clean, coarse sand or 
stone or slag chips not exceeding one-half inch in 
maximum size is probably best suited for the purpose. 


cases 





An EXAMPLE OF EXCESSIVE SCALING DUE TO THE IMPROPER 
SELECTION OF SuRFACE TREATMENT MATERIALS 


Sparing use of coarse sand is preferable if the object is 
to reseal or enrich the surface. Coarser material applied 
more heavily should be used in thickening or correcting 
inequalities in the earlier treatments. The above illus- 
tration of similar work on a neighboring project shows 
an extreme case where materials selected for re-treat- 
ments were not suitable for use on the hard smooth sur- 
face of the original treatment. 


MAINTENANCE AN IMPORTANT FACTOR 


The double-treated sections have received only one 
re-treatment which was applied primarily to seal the 
surface. 


On a few of the experiments this was applied 
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before the first winter, while on others re-treatment 
was not made until a year after the original construc- 
tion. The question of how often such treatments will 
be required for the purpose of sealing and adding life 
and thickness to the bituminous mat has not been 
answered. South Carolina has several miles of this 
type of surface which have been in service for three 
vears and have received only the first re-treatment. 
It is possible that a re-treatment as often as every 
other year may prove economical by keeping the 
patrol maintenance cost at a minimum. 





APPEARANCE OF DovsLe SturracE TREATMENT SHORTLY 
AFTER CONSTRUCTION PATROL MAINTENANCE NEEDED 
AT THIS STAGE TO RESPREAD LOOSE COVERING AND REPAIR 
BROKEN PLACES 


The degree of success to be obtained by this method 
depends almost as much upon correct maintenance as 
upon the original treatments. The careful attention 
devoted to details of construction must not be relaxed 
in maintenance if the greatest benefits are to be derived. 

Patrol maintenance was found to be necessary imme- 
diately after the treated surfaces were opened to traffic. 
It is very important to repair early breaks and respread 
such stone as may be displaced under traffic. The 
cost of such maintenance is high during the first six 
months but thereafter decreases greatly. 

A large portion of the patrol maintenance consisted 
of repairing breaks occurring along the edges. Such 
breaks developed frequently at places where the top- 
soil had not been well bonded previous to applying the 
surface treatment. A substantial reduction in the 
maintenance cost on surface treatments of this type 
will result if some method can be devised for strength- 
ening this portion of the surface. The South Carolina 
highway department is at present experimenting with 
various methods of edge thickening. However, until 
a more adequate method is developed, good results can 
be expected from widening the surface and treating 
to a greater width. 

Maintenance costs on the 3-year-old double surface- 
treatment experiments of the State highway depart- 
ment indicate the decided economy of such treatments 
in comparison with untreated surfaces, which for the 
same traffic conditions cost on the average from $500 
to $600 per mile per year. The present work was, of 
course, relatively expensive during the year immediately 
following construction, but during the last six months 
the costs have been low, substantiating the conclusion 
that with proper attention to maintenance ultimate 
economy may be confidently expected. 
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Based on the successful results obtained with this 
type of treatment, South Carolina has recently treated 
a considerable mileage of well-bonded topsoil roads 
with double surface treatment. 


ENCOURAGING RESULTS SECURED WITH MIXING 


POORLY BONDED SURFACES 


METHOD ON 

A large mileage of the topsoil roads has poorly 
bonded surfaces. It was hoped to develop a mixing 
treatment suited to this condition. At first it was 
thought that the mixture should be sufficiently rich in 
bitumen to seal itself under traffic. However, experi- 
ments based upon this theory proved unsatisfactory 
because of the shoving that developed. In the recon- 
struction of such sections a lean mixture was used and 
a seal coat added. The indications are that his latter 
construction gives a more stable mixture protected by 
a richer and better sealed surface. 


> 





A Topsoit SurFAcCE LoosELY BONDED AND Nov SvuITABLE 
FOR DouBLE SuRFACE TREATMENT. A Stow-DryYING 
Oi, PENETRATION OR Mtxep TREATMENT WovuLp Be 
BETTER FOR THIS CONDITION 


Tests made on the original mixture taken from the sur- 
face showed from 5 to 7 per cent of bituminous binder. 
Shoving had taken place where the binder occurred in 
excess of 6 per cent. With the type of soil which con- 
stituted the surfacing of the mixed sections, about 
1.5 gallons per square yard of nonvolatile binder 
required to produce a stable mixture of 2-inch thickness. 
This quantity of bitumen was insufficient to thoroughly 
coat the grains of the clay-bearing aggregate used on 
the mixed sections and the bond was derived in part 
from the clay. Other experiments have shown that 
in the absence of clay a sufficient amount of bituminous 
binder must be provided to entirely coat the particles. 
Relatively clean, very fine sandy soils may require as 
high as 10 or 11 per cent by weight of bitumen. 

hese amounts are, of course, exclusive of the bitu- 
minous material required for surface enrichment or 
seal coating. The body of the base mixture is fragile 
and easily abraded and must be protected against the 
action of traffic and weather. In case a highly volatile 
cut-back bituminous product is used in the mixture, an 
excess must be provided to compensate for the loss of 
fluxing material through volatilization. 

Refined tar of 18 to 25 specific viscosity at 40° C. 
was used on section 1. On section 2 a quick-drying 
road oil was used in the original treatment and a fg 
drying oil in the later re-treatment. The tar and 
quick-drying oil behaved similarly, both producing 
mixtures which soon became brittle. The slow-dryi ing 
oil was substituted in the re-treatment of section 2 in 
order to adapt it to machine maintenance. 


is 
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Although no particular difficulties were experienced 
in the construction of these sections, care is needed in 
mixing and compacting to prevent the formation of 
rich and lean layers, which tend to occur when com- 
paction of the full depth is attempted in one operation, 
This tendency was largely overcome by progressively 
building up the surface layer. After spreading the 
mixture to the full depth, all except a thin layer was 
bladed off. Again the material was spread over the 
road and again it was removed, leaving an added 
thickness above that which first remained. This 
process was repeated until the full depth was attained. 

The results obtained to date on these two sections 
do not conclusively establish the value of this type of 
treatment but the indications are encouraging where 
the lean mixture and surface enrichment method has 
been used. 


COLD SURFACE TREATMENT WITH SLOW-DRYING OIL SUITED FOR 
SP 


ECIAL CONDITIONS 
Sections 3 and 4 were treated originally with tar of 
8S to 13 and 18 to 25 specific viscosity at 40° C., respec- 
tively. In the later treatment both experiments were 
combined, using the heavier tar. These sections have 


required a large amount of maintenance. The thin 
mat is brittle and breaks very often, particularly 
under steel-tire traffic. Both sections are in fairly 


good condition at present and will probably require 


much less attention in the future. However, future 
possibilities of this type of treatment can not be 
considered entirely satisfactory in view of the accu- 


mulated maintenance costs. 
Section 5 is similar to sections 3 and 4, except that in 
this section a slow-drying oil was used. It was hoped 


that by using this material machine maintenance 
could be used. This was found to be impossible 


without breaking the thin surface mat. The present 
condition of the section very The built-up 
mat is plastic and does not break as readily as that 
containing tar. Considering the present condition, 
caciitinase with the cost to date, this treatment can be 
regarded as satisfactory for use on roads carrying light 
traffic or as a temporary expedient on heavy-traflic 
routes. 


good. 
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TESTS WARRANT CERTAIN CONCLUSIONS 


Results obtained with the different experimental 
treatments up to this time seem to warrant the follow- 
ing general conclusions: 

‘A double surface treatment composed of a prime coat 
followed with a binder coat of heavy bituminous ma- 
terial and mineral covering is a successful and econom- 
ical treatment for soil-type roads, provided the surface 
is well supported and bonded. 

Surface treatments of well bonded tcpsoil roads with 
light tar are not likely to be successful, as a thin fragile 


mat is formed which breaks excessively under traffic. 
Surface treatments of well-bonded topsoil roads 


with light slow-drying oil, which forms a plastic mat, 


are likely to prove successful under light traffic or, 
for a limited period, under heavier traffic. 
Results on mixed treatment experiments are in- 


conclusive, but indicate the probable success of lean 
mixtures supplemented by surface enrichment. 

A light supplementary application of bituminous 
material which will enrich the surface and at the same 
time seal any small breaks or areas not sufficiently 
covered has been found to be necessary shortly after 
the original treatment. 
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THE ACTION OF SULPHATE WATER ON CONCRETE! 





FURTHER TESTS OF SPECIMENS IMMERSED IN MEDICINE LAKE, S. DAK. 


Reported by DALTON G. MILLER, Drainage Engineer, U. S. Bureau of Public Roads 


Tests on concrete cylinders immersed in the sulphate 
waters of Medicine Lake, S. Dak., for periods up to 
three and one-half years have yielded considerable 
additional data to that contained in the report on the 
tests made at the end of one year’s immersion.’ As 
pointed out in the earlier report, these experiments 
were designed principally to aid in the general improve- 
ment of farm draintile and particularly to develop 
tile that will endure under the wide range of soil con- 
ditions peculiar to Minnesota. The results are appli- 
cable, however, to many other sections of the United 
States and to concrete culvert pipe subjected to the 
action of sulphate waters under conditions similar to 
those to which draintile are subjected. 

In carrying out the field tests, several hundred con- 
crete cylinders of various materials and treatments 
were immersed in Medicine Lake, S. Dak. The 
laboratory routine of making the cylinders and the 
conditions of exposure were discussed in the first report 
so that only such general details will be reviewed as 
are necessary to make possible a clear understanding 
of the data presented. 

TEST CYLINDERS DESCRIBED 


Each series of test cvlinders consisted of five batches 
made on different days, and nine cylinders were made 
from each batch. All cylinders were 2 by 4 inches in 
size. The concrete cylinders were mixed in the pro- 
portion 1:3 by volume with a relative consistency 
of 1.00 and water ratio of about 0.62. The aggregate 
passed all standard physical tests and was separated 
into screen sizes and recombined for each batch to 
produce a fineness modulus of 4.67. The mortar 
cylinders were made of standard Ottawa sand as rep- 
resenting fairly well a poorly graded aggregate such as 
is too often used in smaller size tile. 

Extreme care was exercised to make the cylinders 
of a series as nearly uniform as possible and variables 
were introduced singly in the different series so that 
the influence of any variable on the life of cylinders 
of a series might definitely be determined. 

Thirteen different materials were used as admixtures 
in cylinders. These materials were as follows: Aka- 
gel “A,” barium chloride, blast-furnace slag, Cal, 
calcium chloride, Celite, Colloy, lronite, powdered fuel 
ash, Trass, Truscon, sulphur, and volcanic ash. The 
amounts of these materials used expressed as a per- 
centage of the weight of cement used are shown in 
Tables 2 and 3. Specimens were also surface treated 
with Inertol, linseed oil, and sulphur. 

Special curing conditions included curing in water 
vapor and steam ranging in temperature from 70° to 
285° F. and covered a wide range of variables as to the 
time of application and duration of the special curing 
period. 


‘ This report is the result of experiments at the Draintile Laboratory at University 
Farm, St. Paul, Minn., conducted by the department of agriculture of the Uni- 
versity of Minnesota, the Department of Drainage and Waters of the State of Minne- 
ota, and the U. 8. Department of Agriculture. This report has been published 
under the title ‘‘ Tests of Concrete Exposed to the Sulfate Waters of Medicine Lake, 
South Dakota” as University of Minnesota Paper No. 726, Journal Series. 

2 THE ACTION OF SULPHATE WATER ON CONCRETE, Public Roads, vol. 6, No. &, 

ct., 1925. 





All of the cylinders for exposure in the lake were 
numbered and placed in copper-nailed wooden crates 
with a capacity of 50 cylinders-each. In all of the 
crates the cylinders in any vertical row represent the 
same series. The crates were installed in the lake in 
about 5 feet of water and were not subjected to freezing 
and thawing 

MEDICINE LAKE DESCRIBED 


Medicine lake is a natural alkali lake located 18 
miles northwest of Watertown, S. Dak. It has 
stretches of gravel beach, so the conditions for installing 
field specimens are almost ideal. Analyses of water 
samples taken at different seasons of the year have 
shown a total salt content ranging between 2.34 and 
1.72 per cent, consisting almost entirely of a combina- 
tion of magnesium and sodium sulphates in which the 
magnesium salt greatly predominates. (See Table 1.) 
These are the salts that have caused trouble in Minne- 
sota. The larger of these two figures represents a 
total salt content somewhat in excess of any soil water 
so far found in contact with tile in Minnesota, and 
much imore severe than is ordinarily encountered in 
agricultural lands any where. 





TABLE 1 1) from Medicine Lake, S. Dak. 
Analyses | t W t ge laboratory, Bureau of Chemistry, U. S. 
) tment of Agriculture] 

Radicals 
N D 
NO Cl SO, CO; HCO; tal 
MS PER LITER (PARTS PER 1,000,000) 
> 
778.2..| Dec. 10, 192 00 , 1 580, 28,898 84 28239,618 
781.2 Feb. 14, 1924 4,344.1,082 6,116 Trace 596) 34, 533 54 490 47, 215 
803.2 Apr. 29. 1924 ) 44 4.976 Trace. 396) 17,5 98 323 23, 417 
SOS.2 Jul 1,19 +9 436 4,91 Trace 464, 27, 067 114 158 36, 828 
ENTAGE REACTING VALUES 
778.2 mM 4. 2. 94 0.00 1.31 48.10 0.22 0. 37 100. 00 
781.2 2. 67 (2 7] 00; 1.13 48.22 -12 . 53 100. 00 
803.2 2.23 2.22 45. 55 1.00 45 47.44 .42 . 69 100. 00 
SOS.2 a St 4. Of 00; 1.12 48.25 4] . 22 100. 00 


For comparative purposes, specimens similar to those 
immersed in the lake were stored in a tank of ordinary 
tap water at the laboratory. 

Tests have been made on cylinders at periods ranging 
from one to three and one-half years. Figures 1 to 8 
show the condition of the various test groups on removal 
from the lake. Tables 2 and 3 give data on the charac- 
ter, curing, and results of compression tests on the 
cylinders for both the concrete and mortar specimens. 

CONCLUSIONS 


The time of exposure of the cylinders has been too 
short to justify drawing definite conclusions for those 
that as yet show little evidence of deterioration. 
However, study of the data brings out several facts, the 
more important of which are stated below. 
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Cylinders cured in steam at 212° F. after three and 


Cylinders variously cured 
one-half years in lake 


vearsin lake. Serie 
the curing temper 


Fra. 1. 
CYLINDERS IN 


(1) Standard Portland cements from different manu- 
facturing plants vary greatly in resistance. This is 
evidenced by tests of more than 30 different cements 
after exposure for one year, and in the case of the 4 
cements used in series 257 to 260 it will be noted that 
after two years exposure the cylinders of series 260 
still had an average compressive strength of 4,390 
pounds per square inch as compared with strengths of 
690, 0, and 0 pounds per square inch for series 257, 
258, and 259, respectively. (See Table 2 and fig 4.) 

(2) All cylinders of high alumina cements made 
very satisfactory showings, up to and including three 
years’ exposure, with the exception of the mortar 
cylinders of high alumina cement B and Ottawa sand 
mixed in the proportion of 1:5. These cylinders, 
designated as series 280, had almost completely failed 
atone year. (Fig.4.) On the other hand the 1: 5 high 
alumina cement B concrete cylinders of series 290 had 
a strength of 122 per cent of normal at one year and 
showed no visible disintegration. (Fig.5.) The. atural 
inference is that high alumina cements, while more 
resistant than standard Portland cements, are not of 
such high resistance as will permit of the use of 
extremely lean mixes for concrete subject to the action 
of sulphate waters. 

(3) Specimens cured in steam at a temperature of 
212° F. continue to make excellent showings in all 


94 95 9% 


3 96 w 
iture reached 212° F 
CYLINDERS OF VARIOUS SERIES AFTER THREE AND T 
ANY VERTICAL Row ARE OF THE SAME SERIES 
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147 148 149 150 I5I 


5 . Toe SBS oe a . | 


after three and 
is the only one 


HREE AND ONE-HALI 


AND THI 


YEARS IN MeEpDt 
SERIES NUMBER | 


INI 
SHOWN 


LAKE. 
AT THI 


ALL THI 
Top 


series, and, without exception, cylinders so cured in 
series 77, 78, 79, 80, 81, 105, and 106 averaged stronger 
after three years in the lake than they did at one vear 
(See Table 2 and fig. 1 

(4) Cylinders cured in steam at a temperature of 
K. made equally favorable showings irrespective of 
brand of cement used in the mix. 

(5) There is slight difference between the specimens 
cured in steam at a temperature of 212° F. and those 
cured at higher temperatures up to 285 The left 
photograph of Figure 6 shows cylinders of series 351 
to 355, which taken in numerical order, were cured in 
temperatures of 190°, 212°, 235°, 260°, and 285°. The 
fifth cylinder from the top of series 352 shows slight 
deterioration, while no deterioration is evident in series 
353 to 355. 

(6) The results secured with admixtures were some- 
what indefinite as they were at the end of the first 
year, but they apparently indicate tha’ certain admix- 
tures, if properly handled, may have sufficient value in 
developing resistance to justify their use under special 
conditions. In this connection the cylinders in series 
161, 166, 170, 176, and 180 were of greater average 
strength after two years in the lake than those in the 
lake or in the laboratory tank at one year. Figures 2 
and 3 show the generally excellent appearance of 
cylinders containing admixtures. 
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Fig. 2.—CYLINDERS 
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Cylinders of series 371 to 373 are of standard Port- 
land cement Chose of 374 and 375 are concrete and 
mortar cylinders, respectively, treated with Inertol. 





Fia. 7.- 


PUBLI( 


ROADS 


361 362 363 364 


Various Types 


39] 


Cylinders containing admi 
from zero on the left to ¢ 


AFTER 


6 per 


—CYLINDERS OF VARIOUS TYPES 


ONE 





AND 


392 393 394 395 


AFTER ONE 











th different brands of standard 


YEARS IN LAKE 


401 402 403 404 405 





made with different brands of standard 


IN LAKE 












208 PUBLIC ROADS Vol. 8, No. 9 





TABLE 2.—Description and tests of all laboratory standard concrete cylinders immersed in Medicine Lake, S. Dak., and parallel tests on 


specimens stored in laboratory tanks 








[Unless otherwise noted the fineness modulus of aggregate is 4.67 and the mix is1:3. Each test result, with a few exceptions, is an average of five cylinders made or 
different days 
( ! ethod r re pre te 
t ] Ke ( eI 
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1 Figures in parentheses show percentage of normal strength as indicated by parallel tests on cylinders from same batches stored in tap water in the laboratory 
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TABLE 2.— Description and tests of all laboratory standard concrete cylinders imme! 
specimens stored in laboratory tanl 
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TABLE 2.— Description and tests of all laboratory standard concrete cylinders immersed in Medicine 
specimens stored in laboratory tanks—Continued 
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TABLE 2.—Description and tests of all laboratory standard concrete cylinds 
specimens stored in laboratory tanks 





438 70, 71 
464_. 109 


4tit lil 
4/ 
168 l 
549 129 





MM "4 
] ; 
) < 





g 
g 6 29 
HH) 6 128 
127 

5H2 6 - 

563 6 2 
O4—56 12Yv 
tt 129 
67-568 129 
130 
76 133 
as “Vv 
79 sf) 
vst 29 
S] 
® 
ASS ) 
“4 ’ 
S ) 
sf s } 


6 Ot ) 
637-638 y 
H39 139 
640 139 
641 i 139 
642-043 13 


Cement 
High alumina B 
Portland B2 
Portland B2 
Portland B3 
Portland X 
Portland O3 
One-half Port 

1A, one-half 


i 
ik 
P d \ 
Sp 1A2 
Por 1+ 
pe 1A2 
One-hal l 
land A, one-ha 
Port] iB 
Portland \ 


One half Port 
land A, one-! 
Portland B 

do 


Special B 
Special ¢ 
Portland Z 
Portland AA 
Portland Gl 





Admixture, impreg 
nation or surface 
treatment 


seed oil at 70° I 
Iw t hoile« 
linseed o t70 
One tt ed 
seed oil at 2 I 
rw ant boil 
nseed 
225° F 
24 per cent I 
dered fuel h 


mixed 
5 per cent powders 
fuel ash admixec 
10 per cent powders 


fuel ash admixed 


1 per cent Trus¢ 


sdmixed 


> Th ( t 

2 per cent Tr 
admixed 

4 per cent Trus¢ 
dmixed 

6 per cent bar 
chloride admixe 

12 per cent bariu 
( oride adn ( 

2 per cent Celits 
mixed 


2 per cent Celite 
mixed 


sdmised 


per cent Coll 
admixed 


Lake, S. Dak., 


ant 
f 
rt} 
oreie > 2 - 
t « year > years 
e 


Stor 


poe ee oe de de 


2 per cent Colloy 


211 


and parallel tests on 


ike specimens 


pe Lhs. per Lbs. per 


PUBLIC ROADS 


PaBLeE 3.—Description and tests of standard Ottawa sand cylinders immersed in Medicine Lake, N. 
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ANALYSIS OF CONCRETE ARCHES 


“Analysis of concrete arches,”’ by W.£. Linton and 
C. D. Geisler, which appeared in the June and July, 1927, 
issues of Public Roads, is now available as a separate 
publication. The authors have developed a method 
which greatly reduces the tedious and complicated 
processes usually followed in the calculation of arch 
stresses. The method makes use of a set of standard 
forms, based on formulas not greatly different from 
those found in other texts. Many of the entries on 
the forms are the same for all arches and can be printed 
on them; and the authors have presented the various 
way that the 


steps in filling out the forms in such a 
work is largely 
greatly reduced. 

A copy may be secured by addressing the United 
States Department of Agriculture, Office 
tion, 


Informa- 
Washington, D. C. 


PUBLIC 
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REGIONAL HIGHWAY PLANNING SURVEY 
FOR CLEVELAND 
Field work has been 
upon the 
embracing a 


under way since September 3 


Cleveland regional highway planning survey, 


territory within a radius of approxim: ately 
30 miles of Cleveland, Ohio. The survey is being 
carried on by the United States Bureau of Public 


Roads and Cuyahoga County as the prince ipal cooper- 


ators Information and assistance is § a being rendered 
by the several ; idministr: itive organizs itions responsible 
for highway development in » Cleveland region. 

The preliminary wor eluded a comprehensive 
tudy of traffic density—its distribution, origin, and 
destination—on the various routes in the area. This 
is being followed by a study of the traffic capacity of 
the various county highways and the principal entrances 


into the city ot ( ‘leveland and an analysis of the present 
highway Ssysten Recom1 nendations as to the loc ‘ation 
of new hig or relocation of present routes will 
involve f the influence of such factors 
as topography, watt terminals and 


hways 
consideration o 
rways, railroad 
yards, large industrial plants, suburban developments, 
and special use areas. With this information there is to 
be developed a plan of highway improvement adequate 
for anticipated traffic and designed especially to elimi- 
nate highway An improvement budget 
for a period sufficient to carry the complete plan into 
effect will also be prepared. 


At the present time collection of field data is prac- 
tic ally complet ted and a de tailed analysis of this mate- 


cong restion 


rial is in progress. ‘Traffic records were taken at 263 
points in the area and show the daily and hourly 
volume of passenger cars, motor trucks, and motor 


busses on all important highways. Information was 
also taken as to weights of motor trucks. Records as to 
the origin and destination were taken for approxi- 


mately 100.000 vehicles 


The ‘“‘roughometer”’ described in the i issue of Public 
September, 1! was used in making a 


Roads p 
condition survey of mproved roads in the area. 


tor 126, 


This instrument is attached to a passenger car and 
vives an accumulated record the roughness of the 
surfaces over which the vehicle is driven. 

Another new instrument, used for the first time in 
this survey, gives a record of the speed at which traffic 


moves at all points along a highway. This instrument 
is being used in studying traflic congestion and traffic 


capacity of various widths of highway. 
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GASOLINE TAXES FOR FIRST SIX MONTHS OF 1927 































Disposition of total gasoline tax ear? 












































, of 1997 
Exemp- = 
Gross tax tion Total tax I ited 
assessed refunds earnings on ee ee ee 1dditional 
State priorto (deducted fuel for Collec- — uct ion and main- ., ia Cents per gallons (not 
deduction from motor tion enance of rural roads ” sae g I taxed) used 
of refunds gross vehicles 2 anaee cy M iscel- t t 
+ _—e ’ 
is (an State I bond — hange 
year highwa road pay me J J 
CO $2, 653, 637 $10,302 | $1,300,778 $1, 342, 557 la 9 68. 09 " 
Arizona a $144, 130 518, 599 259, 300 259, 299 17 28K. H4 : 
Areemse.........- - 180, 527 1, 560, 559 46, 817 358, 929 171, 661 3 $983, 152 { ae 9 9 012 98 } 
California..........- 641, 408 ), 035, 934 19, 918 4, 508, 008 1, 508, OOS 9 451. 798, 68 : 
Colorado...-..-..- 43, 28 730, 359 163, 718 M 1 = 701 371 1 
Connecticut ; : : 1, 307, 024 9 9 65. 351. % (y i 
Delaware - --.------- 6, 112 267, 09 5 M 4 4 
Florida = > 100 4, O14, 838 1, 338. 279 { ‘ ‘ 
EEE 2, 100 192, 448 876, 980 77 OR 
Idaho. ......----.--- 30, 679 5, 203 601, 491 ‘ Feb. 28 15, 750. 489 ; 
TNONS . ......------- . No. tay aA OOn Onn ; 
a wie 4, 697, 106 132, 395 398 3, O38, 209 1, 519, 104 152. 157.038 4 ; 
REE 2, 865, 439 SS, 256 4, 956 24. O76 1, 848, 151 1 2” gr , 
2, 217,334 326, 089 1, 640, 500 250, 748 4, 562, 249 
2, 472, 01 2. 472, O15 19, 348. O18 
1, 411, 554 1, 411, 554 , 5T7. 7 
761, 073 18, 148 341 368, 792 368, 792 24. 461. 72 
1, 831, 699 257 1, 250 1, 418, 554 29354 38 9 \ i 069. 042 
. -h . . ( ) N tax 48, 200, 000 
Michigan 5, 414, 065 380, 267 5, 033, 798 14, 718 ?, ? 024, 3. 000,004 689. 874 od 
Minnesota. --.....--.- 2, 367, 545 93, 218 2, 274, 327 2, 9 115. 891 
Mississippi.........- 2, 136, 296 2, 136, 296 1, 800 l, 1, O68, 244 63, 24¢ { 4 1, R2¢ 
ae 2, 968, 788 47,723 2,921,065 24,017| 2. 0 = 
Montana.....-...-- . 443, 439 15, 076 428, 363 3, 150 425, 213 lar i 14. 978. 7 
i aa 1, 477, 472 7, 408 1, 470, 064 3, 639 1, 466, 42 : 9 73" F4\2. K)N 
a 217, 604 18, 107 199, 497 99, 749 99, 748 4 r $ O87 419 
New Hamsphire -- - - 421, 366 7, 765 413, 581 sds ’ 413, 581 9 Ma 18 , 4] 
New Jersey - - ----- a ; ( No ta ; a an 
New Mexico. - -.-.-.--- 18 614, 200 18614,200 11, 590 602, 610 _. Ma 14, O81. 758 
2 =a - 
North Carolina_-_.- 
North Dakota_----- : ; ; 
oe een eeeceeeoees 4, 739, 600 1, 272, 830 oo l* ) ) 2 MI 9 on { 
aa 2, 130, 919 1, O65, 457 110, 262. 328 
2 4,149 1, 609, 060 54, O$4, 207 
Pennsylvania. ---.-.-- (2 4, O87. 797 2. 033, 899 ; 22 





Rhode Island - - - - --- 









South Carolina__---- 2, 214, 215 3 849, 842 F : : 44.2127 
South Dakota_..---- : 3 ‘ . 783 957, 847 .... : 9 ; 


 iisttusddiuiicwines 
See 
Vermont- --- 
Virginia. -..-. 
Washington_--...-. 


















1, 040, 839 { 




















































West Virginia 057 
Wisconsin--_.....-- 26, 058 2 
Wyoming --.-....-- si 256, 908 8 : ee . l 
District of Columbia. 548, 605 ; 5 : ; P 4 548, 66 2 27, 430, 267 
. a oe eiontiahebetes 101, 250,841 204,663 69,616,088 22,843,566 4,598, 751 87,773 A 9 t 71, 42 447. 700. 000 
1 Disposition data is estimated in some cases, and approximately allocated accord- 1§ Includes $4,402 for license fees for ed buting statio 
ing to motor fuel laws. * Approximated by prorating mot e fees and gasoline taxes f er¢ 
? Actual amount available for disposal excluding refunds road bond ; 
? On State highway bonds, $78,028; remainder on District road bonds ” For maintenance treets in licipali 
4 New 3-cent tax effective July 29, 1927 21 Paid from general fun I yximate $40,000 
§ Paid from oil-in:pection fund 22 New 3-cent tax effecti' y 1927 
6 New 5-cent tax effective July 1, 1927 33 Legislative approxiation $5,000 fo @ yea 
7 New 2-cent tax effective Aug. 1, 1927. 24 State approp 1 of $5,000 for eal 
3’ New 3-cent tax effective July 4, 1927. 25 New 4-cent t : tive Jul 2 
§ Paid from State general fund, $4,500 26 For free-school fund 
10 Collection cost of $3,759 from Legislative appropriation 27 Not available for road use unt )28 
1! Includes $125,742 for elimination of grade crossings 28 On State road bond 
12 Assigned to Baltimore City, includes $31,435 for elimination of grade crossings 29 Costs of $3,228 paid fr ti from State revenues 
13 State highway bond retirements Collection costs and inter tate road bonds chargeable to this fund but 
14 New 3-cent tax effective Sept. 4, 1927. i1mounts not reported eh ai a acl 
18 Collection costs, $2,300 from inspection oil fund 1 New 4-cent tax ¢ tive Ju 2 
16 For sea wall to protect highway; collected by an extra tax of 2 cents in Harrison 2? Appropriat by State of f¢ ear 
County and 1 cent in Hancock County Excludes $600 costs no t 
17 New 2-cent tax effective July 1, 1927 4% Assigned by law for us¢ es 
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Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Publie Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 


DEPARTMENT BULLETINS 


No. 105D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136D. Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 
Rock. 15c. 
386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388D. Public Road Mileage and Revenues in the New 
England States, 1914. 
390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 
107D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463D. Earth, sand-clay and gravel. 15c. 
*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 
*537D. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 5c. 
*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 5c. 
*691D. Typical Specifications for Bituminous Road Mate- 
rials. 10¢e. 
*724D. Drainage Methods and Foundations for County 
Roads. 20c. 
*1077D. Portland Cement Concrete Roads. 15c. 


*1132D. The Results of Physical Tests of Road-Building 
Rock from 1916 to 1921, Inclusive. 10e. 


* Department supply exhausted. 


ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


No. 1259D. 


No 


No. 


No. 


1279D. 


1486D. 


94C, 
331C 


62M. 


93M. 
105M. 





DEPARTMENT BULLETINS—Continued 


Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 

tural Highway Mileage, Income, and Expenditures, 
1921 and 1922. 


Highway Bridge Location. 


DEPARTMENT CIRCULARS 


T. N. T. as a Blasting Explosive. 
Standard Specifications for Corrugated Metal Pipe 
Culverts 


MISCELLANEOUS CIRCULARS 


Standards Governing Plans, Specifications, Contract 
Forms, and Estimates for Federal Aid Highway 
Projects. 

Direct Production Costs of Broken Stone. 

Federal Legislation Providing for Federal Aid in 
Highway Construction and the Construction of 
National Forest Roads and Trails. 


FARMERS’ BULLETINS 


Macadam Roads. 5c. 
Benefits of Improved Roads. 5c. 


SEPARATE REPRINTS FROM THE YEARBOOK 


. *7aey. 


*S49Y. 
914Y. 


Federal Aid to Highways, 1917. 5c. 
Roads. 5e. 
Highways and Highway Transportation. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 


Vol. 


Vol. 


Vol. 


Vol. 


v0, 


No 


, No. 


, No. 
3, No. 


. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
tock. 

24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

6, D— 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

. 10, D-15. Tests of a Large-Sized Reinforced-Con- 


crete Slab Subjected to 
Concentrated Loads. 


Eccentric 
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